and neurosteroids that may subsequently influence neuronal development, survival, and neurosecretion [4] . Under pathological conditions, astrocytes release a number of proinfl ammatory cytokines, such as interleukin (IL)-1β, IL-6, tumor necrosis factor (TNF)-α, and chemokines.
The pharmacological effects of ginseng have been demonstrated in the CNS and in the cardiovascular, endocrine and immune systems [5] [6] [7] [8] . Ginseng is thought to possess antineoplastic, antistress, and antioxidant effects [9, 10] . Its main constituents are saponins, polysaccharides, alkaloids, and polyacetylenes. Saponins in particular are believed to be responsible for most of the actions of ginseng. Despite several reports in the literature detailing the neuroprotective effects of ginseng, the mechanisms underlying these effects at the molecular and cellular level are rarely reported. Moreover, the modulation effects of ginseng on astroglial activation, which plays a crucial role in the interaction of astrocytes with neurons, have also been rarely reported. In this study, we investigated modulation of astroglial activation by ginseng total saponins (GTS) and the molecular mechanisms involved.
MATERIALS AND METHODS

Primary astrocyte cultures
A primary mixed culture of astrocytes was prepared from postnatal day 1 Sprague-Dawley rats [11] . Briefl y, cortices were isolated in cold minimum essential medium (MEM) without fetal bovine serum (FBS) and mechanically disrupted by pipetting. The cells were then washed and re-suspended in MEM+10% FBS (Hyclone, Logan, UT, USA). The disrupted cortices were cultured in a 75 cm 2 fl ask. Enriched astrocyte cultures were obtained after shaking to minimize oligodendrocyte and microglial contamination. The astrocytes were grown in Dulbecco's modifi ed Eagle medium (DMEM)+5% FBS (Hyclone). GTS dissolved in DMEM was added to the culture medium together with lipopolysaccharide (LPS) from Escherichia coli 055:B5 (Sigma, St. Louis, MO, USA). Cultures were kept in an incubator at 37°C, 100% humidity, and 95% air/5% CO 2 atmosphere and used for experiments at the fi rst subculture. GTS from Panax ginseng, extracted and purifi ed by the method of Namba et al. [12] was provided from professor Kim (Chonbuk National University, Korea).
Immunocytochemistry
Cells were fi xed in 100% methanol and permeabilized with 0.1% Triton X-100 in phosphate buffered saline (PBS). Non-specific antibody binding was blocked by incubation with 1 % bovine serum albumin in PBS. The cells were then incubated simultaneously with polyclonal rabbit anti-glial fi brillary acidic protein (GFAP) 1:5000 (Millipore, Bedford, MA, USA) overnight at 4°C. The incorporated GFAP was visualized following successive incubation in goat anti-rabbit IgG conjugated to fl uorescein isothiocyanate 1:300 (Molecular Probes, Eugene, OR, USA). To determine the proportion of proliferating cells, the nuclei were labeled with Hoechst stain (Invitrogen, Carlsbad, CA, USA). Most of the cells exhibited GFAP stain (purity >95%).
Reverse transcription polymerase chain reaction
The mRNA from astrocytes was isolated using a Ribospin (GeneAll, Seoul, Korea) and subjected to reverse transcription (RT) with a fi rst strand cDNA synthesis kit (Maxime RT PreMix; iNtRON, Seongnam, Korea) according to the manufacturer's instructions. Polymerase chain reaction (PCR) was performed with the following primers: TNF-α, 5'-cacgctcttctgtctactga -3' and 5'-ggactccgtgatgtctaagt -3'; IL-1β, 5'-aagctctccacctcaatggacag -3' and 5'-ctcaaactccactttggtcttga-3'; glyceraldehyde 3-phosphate dehydrogenase, 5'-tgaaggtcggtgtgaacggat-3' and 5'-catgtaggccatgaggtccaccac-3'. Each sample was amplifi ed using Maxime PCR PreMix. The PCR products were electrophoresed on 1% agarose gels and detected by ethidium bromide staining.
Western blotting
Total proteins from rat astrocyte lysates were subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis using 10% to 12% gels and electrophoretically transferred to polyvinylidene difl uoride membranes (Bio-Rad Laboratories Inc., Hercules, CA, USA). Membranes were blocked with 5% non-fat milk in Tris buffered saline (50 mM Tris base, pH 7.5, 150 mM NaCl) and incubated individually with a 1:1000 dilution of primary antibodies against nitric oxide synthase (iNOS) (Santa Cruz Biotechnology, Santa Cruz, CA, USA) and cyclooxygenase 2 (COX-2) (Cell Signaling Technology, Beverly, MA, USA). The blots were further incubated with peroxidase-conjugated goat anti-rabbit IgG at 1:20,000 (Millipore). The immunoreactions were visualized using SuperSignal West Dura Extended Duration Substrate (Pierce) and analyzed with a ChemiImager (Alpha Innotech, San Leandro, CA, USA).
Intracellular reactive oxygen species production: evaluation with dicholorofl uorescin diacetate assay
Astrocytes plated in a 48-well dish were untreated or treated with 1 μg/mL LPS in the absence or presence of GTS and incubated for 6 h. After washing with PBS, cells were stained with 10 μM dicholorofluorescin diacetate in PBS for 30 min in the dark. Cells were then washed with PBS twice and extracted with 1 % Triton X-100 in PBS for 10 min at 37°C. Fluorescence was recorded with an excitation wavelength of 490 nm and an emission wavelength of 525 nm.
Statistical analysis
The results are expressed as the mean±standard error of the mean. The data was analyzed using a t-test and repeated-measures ANOVA followed by a Bonferroni test. A p-value <0.05 was considered signifi cant.
RESULTS
Effect of ginseng total saponins on glial fibrillary acidic protein expression
To examine the effects of GTS on astroglial activation, we performed GFAP immunocytochemistry and Western blot analysis on reagent-treated cells. GFAP is a major cytoskeletal protein in astrocytes. In addition to its role as a structural integrator, GFAP may provide docking sites for various enzymes implicated in the generation of different astrocytic responses. For this reason, increased GFAP-positive cells are considered signs of activated astrocytes. GFAP-positive astrocytes significantly increased in the LPS-treated cells. However, LPS-elevated GFAP expression was signifi cantly decreased by GTS in a dose-dependent manner (Fig. 1A, B) .
Eff ect of GTS on LPS-induced mRNA expression of proinfl ammatory cytokines, TNF-α, and IL-1β
To examine the effect of GTS on TNF-α and IL-1β gene expression at the transcription level, we determined the level of TNF-α and IL-1β mRNA by RT-PCR analysis in the LPS-stimulated astrocytes. LPS-elicited TNF-α and IL-1β mRNA expression was signifi cantly inhibited by GTS in a dose-dependent manner ( Fig. 2A, B) .
Eff ect of ginseng total saponins on reactive oxygen species formation
In the presence of 1 μg/mL LPS for 24 h, the viability of astrocytes was decreased to 70% of the control sample. In addition, LPS induced a signifi cant overproduction of ROS to 161.3% ( ** p<0.001 when compared with control). The increased ROS production was blocked with GTS treatment to 68 % at 1 μg/mL GTS ( ++ p<0.001 when compared with LPS treatment) (Fig. 3) . Similarly, astrocyte viability recovered up to 93.4%.
Eff ect of ginseng total saponins on nitric oxide synthase and cyclooxygenase 2 production
LPS-induced infl ammatory cytokine production is required for the activation of signaling pathways including iNOS and COX-2. Therefore, we investigated whether GTS might affect levels of iNOS and COX-2 expression. GTS signifi cantly suppressed the protein levels of both iNOS and COX-2 (Fig. 4) . These results suggest that transcriptional events are involved in the inhibitory effects of GTS against LPS-elicited iNOS and COX-2 expression. Changes in the amounts of iNOS and COX-2 enzymes could refl ect an alteration in the release of proinfl ammatory cytokines.
DISCUSSION
Astrocytes play a crucial role in the homeostasis and function of the CNS, and astrocyte-neuronal interactions secure the survival and normal function of neurons [13] . Several reports in the literature however have indicated that activated astrocytes produce various proinfl ammatory cytokines and free radicals which play an important role in the processes of neuroinflammatory diseases [14, 15] . In the present study, we found that GTS suppressed astroglial activation and its molecular factors. GTS significantly suppressed LPS-induced production of iNOS, COX-2, and ROS in primary astrocytes. RNase protection assays revealed that GTS repressed the expression of proinflammatory cytokines, TNF-α and IL-1β, at the mRNA level.
Ginseng is a traditional medicine in Korea, China, and Japan that has been shown to produce a variety of medicinal effects on both the nervous and non-nervous system. Accumulating evidence supports the pharmacological effects of ginseng on the CNS and in the cardiovascular, endocrine, and immune systems as well [5] [6] [7] [8] . For example, ginseng components have shown protective effects in experimental models of neurodegeneration [16] . Ginseng appears to act mainly on the hypothalamus and has a sparing action on the adrenal cortex. Indeed, ginseng and its constituents have been thought to possess antineoplastic, antistress, and antioxidant effects [9, 10] .
The present study was performed to determine whether administration of GTS produces modulation effects on LPS-stimulated astroglial activation. Our results revealed that GTS has strong cytoprotective effects in a dose-dependent manner. LPS-elicited proinflammatory cytokines, TNF-α and IL-1β, were signifi cantly inhibited by GTS in a dose-dependent manner (Fig. 2) . In addition, the IL-1β inhibition by GTS correlated with the suppression of iNOS and COX-2 (Fig. 4) , both of which are important mediators in the processes of neurodegeneration [17] [18] [19] . A large amount of NO production induced by proinflammatory cytokines plays an important role in neuroinflammation [20] . COX-2 also contributes to infl ammatory injury in neurodegenerative diseases such as AD, PD, and stroke [21] [22] [23] [24] [25] . Thus, COX-2 functions pathologically in promoting neuronal injury in chronic neuroinfl ammation [26] . Our studies investigated the antiinfl ammatory effects of GTS on astrocytes. By detecting major proteins and cytokines related to inflammation, we determined that GTS plays an antiinfl ammatory role in astrocytes which are a main component of brain glial cells.
In conclusion, the present study showed a neuroprotective effect of GTS on astroglial cells and increased our understanding of several molecular mechanisms involved. Our results suggest the possibility that GTS can be used as a modulating agent to attenuate neuroinfl ammation and ROS-produced astroglial activation. The strong inhibition of astroglial activation by GTS may provide potential therapeutic strategies for neurodegenerative diseases. 
